Dried blood spots (DBS) on filter paper have been used in human medicine since the 1960s, predominantly for screening in-borne metabolic disorders and more recently, for toxicology. Despite its 50-year existence, this technology has not been adopted by veterinarians for routine diagnoses and research. We have validated a novel DBS analytical procedure for the routine measurement of toxic heavy metals using 50 mL of whole blood on a single DBS by inductively coupled plasma mass spectrometry (ICP-MS). Targeted heavy metals are arsenic, cadmium, mercury, lead, selenium and thallium. The limits of quantitation (LOQ) on DBS are: arsenic 1.7 mg/L, cadmium 4.0 mg/L, mercury 13.7 mg/L, lead 13.3 mg/L, selenium 6.3 mg/L and thallium 1.5 mg/L. These LOQs suffice for routine diagnoses of heavy metal intoxication in domesticated and wildlife species as well as for basic, applied and epidemiological studies. The technique is ideal for population studies involving investigations of wildlife exposure to heavy metals and other environmental pollutants. The small blood volume involved (50 mL) makes it feasible to study small animals (birds, reptiles, amphibians and small mammals) that were previously excluded, or difficult to study due to the relatively large sample volumes required by current gold standard blood collection techniques.
Introduction
Heavy metal intoxication in domesticated and wildlife species is a constant concern for veterinarians and wildlife professionals. Animals are principally exposed to heavy metals through the environment. Heavy metals of greatest concern are arsenic, cadmium, mercury, lead, selenium and thallium. These metals can be acutely toxic following short-term exposure or can bioaccumulate in vivo following protracted intake, leading to neurological and reproductive toxicities. Lead poisoning is a common diagnosis in both livestock and small animals as well as in wildlife. Common sources of lead may include discarded automobile batteries and contaminated paint chips for domesticated species, and lead shot or sinkers for wildlife. As such, heavy metal analysis on whole blood is a common diagnostic procedure. This test is routinely performed on whole blood samples in purple-top ethylenediaminetetraacetic acid (EDTA) tubes.
The dried blood spot (DBS) technology has been in use for five decades for the assessment of the health status of human neonates, particularly with regard to the detection of inborn errors of metabolism. The technique was first reported by Guthrie and Susi (1) in their seminal paper, describing a simple method for detecting phenylketonuria in large populations of newborn infants. Since then, the technique has been widely accepted by the medical community as a practical alternative method of blood collection and is approved by the US Centers for Disease Control (Atlanta, GA, USA). More recently, the technique has gained favor in the pharmaceutical industry community, mainly in Research and Development (R&D) for pharmacokinetic and toxicokinetic studies. This technique is appealing to the R&D community, because it makes it feasible to use fewer animals in research owing to the small sample volumes required. In the medical community, tens of endpoints of human biomarkers have been added since Guthrie and Susi first introduced the technique (2 -7).
Despite the simplicity and widespread use of DBS in the human medical community, the technique has not been widely adopted by veterinarians and wildlife biologists. The technique can be summarized as follows: 50 mL of whole blood are applied so as to be contained within each of one or more circles on a special sample paper (Guthrie Card, after Guthrie and Susi (1)), which is then dried at room temperature for 4 h, stored in a sealable plastic bag with a small packet of desiccant and then submitted for analysis. Samples can be stored indefinitely in a freezer, making them ideal for projects involving long-term sample collection and later analysis. Quantitative analysis is achieved by measuring the total amount of analyte per total volume of blood (50 mL) applied to one circle of the spotted Guthrie Card.
The use of DBS has distinct advantages including simplicity of field testing, ease of sample storage and transport, ready applicability to birds, reptiles, amphibians and other animals with small blood sample volumes, and suitability for international shipping of samples following a simple US Department of Agriculture (USDA) and Centers for Disease Control and Prevention (CDC) approved disinfection treatment (8) , although we make note that the CDC has recently exempted DBS from strict infectious substance shipping requirements (9) . We report here the development and validation of a new test on whole blood, utilizing DBS for the analysis of heavy metals in domesticated and wildlife species.
Experimental

Method development
Various digestion methodologies were examined in the early stages of the development of this technique, including nondigestive leaching, digestion with nitric or hydrochloric acids and unusual combinations such as hydrogen peroxide and acid, before settling on a 5-fold volume of concentrated nitric acid per initial 50 mL blood volume. The analytical approach initially considered inductively coupled plasma-atomic emission spectrometry (ICP-AES) combined with cold vapor atomic absorption spectrometry for mercury before settling on ICP-mass Figure 4 . DBS QC specimens for heavy metal analysis. Bio-Rad Lypochek-2 and -3 controls were run on multiple days within a 100-day period for the assessment of relative stability. Shaded areas represent the boundaries of expected results based on the average Bio-Rad determination for a given element plus or minus 2 SD, with the exception of selenium, the values of which were determined in-house. Lead[208] and PB-208 indicate specific use of the 208 Pb isotope for measurement. In this figure, ppb is equivalent to ng/mL. parameters such as quality control (QC) materials and curve type for standards are described in this paper. Currently, the Diagnostic Center for Population and Animal Health (DCPAH) at Michigan State University, East Lansing, MI, offers DBS collection kits consisting of Guthrie Cards, Humonitorw strips, desiccant sachets, sealable plastic bags and instruction sheets. Information on this kit is available online (10) . Currently, DBS samples in freezer zip-lock bags are accepted for analysis if the humidity in the bags is ,30%, and appropriate sample collection procedures were followed correctly.
Cleaning steps for digestion vessels Before DBS digestion, clean 15 mL PFA digestion vessels (Savillex, Eden Prairie, MN, USA) were treated with 100 mL of Ultrex II (Mallinckrodt-J.T. Baker, Phillipsburg, NJ, USA) nitric acid. The vessels were capped, placed in a 958C oven overnight, then removed and allowed to cool. The vessels and lids were rinsed with Type I Millipore (Bellerica, MA, USA) deionized water, then the vessels and loosely placed caps were returned to the oven to dry for a minimum of 1 h. The vessels and lids were allowed to cool to room temperature before use.
Sample preparation DBS circles (Whatman Protein Saver Cards, Whatman, Inc., Piscataway, NJ, USA) from samples were cut from Guthrie Cards with acetone-rinsed fine stainless steel scissors along the dotted line and placed in tared PFA digestion vessels prepared as indicated above. In addition, blank paper spots were prepared and placed in separate containers and combined with 50 mL of appropriate calibration solutions to provide the following blanks and calibrators: 0, 10, 20, 50, 500 and 2,000 mg/L solutions of arsenic, cadmium, lead, mercury, thallium and selenium starting from National Institute of Standards and Technology (NIST)-traceable stock solutions (GFS Chemicals, Inc., Cincinnati, OH, USA or equivalent). Lypochek 1, 2 and 3 Whole Blood Metals Controls (Bio-Rad, Hercules, CA, USA) standard reference materials (SRMs) were prepared similarly; note that more than a single lot of these materials was used during this study. Then, 250 mL of concentrated nitric acid (Ultrex II, Mallinckrodt-J.T. Baker) were added to each digestion vessel and the vessels were capped and placed in a 958C oven overnight. Each vessel was cooled, droplets were carefully recovered from each respective lid back into its corresponding vessel and the contents of each vessel were brought to 500 + 5 mg with deionized water. The contents were transferred to plastic microcentrifuge tubes, centrifuged for 10 min at 3000 rpm to remove residual particulates and the supernatant analyzed on an Agilent 7500ce ICP-MS (Agilent Technologies) in accordance with the manufacturer's recommended procedures (11) . The following m/z values were monitored for the respective elements of interest: As, 75; Cd, 111; Hg, 202; Se, 78 and Tl, 205; and three principal isotopes for Pb: 206, 207, 208.
Animal samples
Samples from bald eagles (BEs) and golden eagles were generated from wild-caught animals in the lab of Dr Langner. In addition, a random collection of patient samples submitted to the DCPAH from various sources included five cats, one BE and one crocodile; these were selected for their high determined concentrations of arsenic, mercury and lead, respectively, as well as for their representation of mammalian, avian and reptilian sources.
Data analysis
Results were analyzed as follows: As, Cd, Pb, Hg, Se and Tl standards were set up in quadratic relationships as m/z intensity counts versus concentration. The quadratic curves were accepted if R 2 ! 0.95, and that day's analyses were deemed acceptable if blanks read below the lowest nonzero concentration and calculated results for SRMs (range values listed in the Results section) fell within expected ranges. When those conditions were met, the values for unknowns could be calculated and reported.
Results Figure 1 shows typical standard curves for each of the elements considered of principal toxicological significance: As, Cd, Pb, Hg, Se and Tl. These are arranged as 'inverted plots' or 'reverse plots' showing concentration as a function of intensity response for deriving equations suitable for the calculation of unknowns. Table I summarizes the assessments made of linearity for each of the elements including the determination of three individual Pb masses 206, 207 and 208 as alternative approaches for its detection; the table includes the standard curve coefficient of determination R 2 and its precision (as % RSD or Relative Standard Deviation) over an array of measurements and based on standard deviations given the number (n) of measurements made. These assessments of linearity were done both for quadratic equations and linear equations for each element. Note that reverse plots for lower concentration ranges 0-50 mg/mL also had good correlatability, with coefficients of determination ranging from 0.993 to 1.000. Comparison of the coefficients of determination R 2 for the six elements of interest including three lead masses as determined for both linear and quadratic relationships revealed the following: quadratic and linear relationships appear relatively equivalent and neither offers a significant advantage over the other, even for the slightly less correlatable element mercury. Studies of standard concentrations 5, 10, 50, 500 and 2000 mg/L indicated a tendency to greater error on refit of instrumental responses to linear arrays in contrast to quadratic curves, as shown in Figure 2 . This was particularly true at lower concentrations, i.e., 5 and 10 mg/L, but was untrue for mercury, which benefited more from linear arrays. Figure 3 displays the % RSD on the refit of five individual calibrators (n ¼ 3) to linear (L) or quadratic (Q) standard curves. As one would expect, there is a tendency to greater variability, i.e., less precision, at the lower concentrations owing to larger standard deviations. Precision is greater, i.e., % RSD is lower, with the quadratic curve for Tl, Cd, As and Hg and with the linear curve for Se and Pb. Table II lists the calculated limits of detection (LOD) and quantitation (LOQ) for the six elements of interest. These were calculated by the method of analyzing repeated blanks for any background signal present in the blank untreated paper, determining the standard deviation of the values (n ¼ 10) and multiplying by 3.3Â or 10Â, respectively, according to established methods (12, 13) . Of the six elements, only mercury occurred at detectable levels in the blank paper; the other elements calculated to low negative values by quadratic curve interpolation. Note that this differs from other researchers who discern Figure 7 . Accuracy of DBS metal determinations as assessed by relative amounts found in DBS prepared from Bio-Rad Lypochek 2 (medium range) solutions (top) and Lypochek 3 (high range) solutions (bottom). Note that more than a single lot of the Lypochek standards was involved, but each batch is fairly similar to previous and subsequent ones. The y-axis lists the relative amount as a ratio between the determined concentration (ng/mL) divided by the expected mean concentration (ng/mL) listed by Bio-Rad. The x-axis indicates the date of determination.
background levels of Pb in the paper and generate improved accuracy for Pb determinations in DBS by subtracting out background Pb concentrations (14); we presume that this is a consequence of the original source of the paper used for DBS generation and/or local environmental contamination.
Various approaches were taken to assessing both the precision and accuracy of heavy metal analyses on DBS samples. QC formulations that have proven particularly valuable are the Bio-Rad Lypochek SRMs used for QC of ICP-MS determinations done in whole blood at the DCPAH. These formulations are available in low-, medium-and high-concentration ranges, namely Lypochek solutions 1, 2 and 3, respectively. The assessment of ICP-MS sensitivity to metals in DBS was done by the examination of spotted Lypochek solutions 1, 2 and 3 for the elements As, Cd, Hg, Pb and Tl, and the refit values for standard curves, calculated average Lypochek values and % recoveries are listed in Table III. Comparison of recoveries for the five listed elements indicated poor recoveries in Lypochek-1 particularly for Hg, Pb and Tl. This contrasted with recoveries from Lypochek-2 and -3, which showed greater consistency element-to-element. The problems inherent to the analysis of Lypocheck-1 are likely due at least in part to the low levels of most of the elements of interest in this SRM, particularly As, Cd and Tl, and the proximities of their values to the calculated LOQs of Table II . Another consideration is the proximity of the concentration of Hg to that of background amounts of this element (Table II) . We therefore elected to disregard Lyochek-1 as a viable QC material for this assay and focus on the medium and high QC SRMs, specifically Lypochek solutions 2 and 3.
Lypochek standard 2 and 3 selenium concentration ranges were not provided by the manufacturer and were therefore determined in our laboratory using standard ICP-MS methods of analysis of spotted reconstituted standards, dissolved and Designations of 'a' and 'b' on Lypochek-2 (Lypo 2) and -3 (Lypo 3) QC materials indicate sample pairs. SD ¼ standard deviation.
Dried Blood Spots for Toxic Heavy Metals by ICP-MS 413 digested as described above. Figure 4 illustrates the dependability of the Lypochek-2 and -3 controls over a 100-day period in the initial 2008 -2009 study of these QC materials. In brief, measured concentrations for As, Cd, Hg and Tl stayed within 2 SD boundaries of the average expected results, as did those for the 208 Pb isotope; Se performed as well on comparison with labderived Se concentrations, and not unexpectedly, the values for Se differed slightly between the two Lypochek controls. This dependability held true for later Lypochek control lots studied over a 1-year period during 2010 -2011 ( Figure 5) . A comparison between the manufacturer's reported values and those determined by DBS is shown in Figure 6 . The results indicate a reasonable overlap of ranges determined at the DCPAH with those of the manufacturer, with the precision of results enabling somewhat smaller ranges for certain of the elements in the DBS-derived results (Lypo-2 Hg, Tl, Pb and Lypo-3 Cd, Tl, Pb). Table IV summarizes the minimum and maximum values determined for Lypochek-2 and -3 QC materials during this work. Figure 7 shows the accuracy of the DBS metal assay as assessed by Lypochek-2 and -3 materials during a 3-year period. The y-axis shows the ratio of measured-to-expected values, which would ideally be 1.0. Note that the results show decreasing amounts of scatter over the period of these investigations, as the ratios for all six elements have converged on the true or expected values with experience in handling of materials and with minor accrued procedural improvements, particularly those introducing consistency in pipetting techniques, reproducibility in both spotting and excision of spots as well as uniformity in recovery of liquid from overnight digests. Accuracy was independently investigated by the examination of NIST SRM 966 for elements Cd, Hg and Pb and by inclusion of Pb proficiency samples; note the excellent comparability of both the measured and expected values for SRM 966 and the good comparability for Wisconsin lead values (Table VI) .
Intra-and interday precision of the DBS metal assay is summarized in Table VII for determinations on 3 different days. Data were accumulated with quadratic curve fits to standards for all six elements of interest. The results indicate low standard deviations (,5 mg/L) and low % RSDs throughout (,3% for all, except ,8% for Hg).
Carryover during routine sampling in the Agilent ICP-MS was investigated by running a series of blanks after the highest calibrator. The results showed zero carryover for As, Pb and Tl, 0.02-0.03% carryover for Cd and Se on the initial blank rinse as well as 2.4 + 2.5% carryover for Hg in the initial rinse. Hg carryover became ,1% only after three rinses with the blank material.
The assay was examined for ruggedness, and specifically for the effects of CDC-recommended decontamination methods for imported veterinary or human DBS filters. Specifically, DBS filters were spotted with five randomly chosen BE blood specimens and either (i) air dried, (ii) air dried and treated at 608C in a laboratory oven for 30 min or (iii) air dried, dipped in 95% ethanol for 5 s and then allowed to air dry. The latter approach was chosen owing to the known bactericidal and virucidal properties of brief ethanol treatment (15) . Measured concentrations for the six elements of interest plus antimony are summarized in Table VIII. Table IX lists statistical data for these measurements on treating the three methods as equivalent. Absent elements (As, Cd, Sb and Tl) presented a range of high positive or negative % RSD values as might be expected, whereas % RSDs were reasonably low for elements present in these specimens, averaging to 5% or less for Se, Hg and Pb (bolded area of Table IX ). Long-term stability of DBS stored at 2708C was determined over a 24-month period for As, Se, Hg and Pb from blood samples with naturally accrued heavy metal contaminations. The elements As, Hg and Pb essentially showed little alteration in their respective concentrations, whereas there was some reduction in Se ( 14%) over this period that is likely within the error of the analytical method.
Regardless of the inherent accuracy of the results as supported by Lypochek-2 and -3 and SRM studies and proficiency Measured DBS metal concentrations for five randomly chosen BE specimens, one handled normally ('normal'), one with oven treatment at 608C for 30 min ('oven') and one involving dipping in ethanol for ,5 s and air drying ('ethanol'). test comparisons, an aspect of major interest in DBS would involve the comparability of results from 0.5 mL samples of blood submitted for regular heavy metal analysis with those derived from 50 mL samples of the same blood specimens submitted as DBS samples. Figure 9 displays excellent comparability for a variety of samples, including Lypochek QC standards and random veterinary samples from five cats, one eagle and one crocodile. Good comparability was therefore seen for all the Lypochek standards measured by the two sampling methods, and for Se, As, Pb and Hg in real-world samples. In addition, and also of significance, no false positives were observed for any elements. A similar study was carried out in blood samples from golden eagles where the elements Hg, Pb and Se are typically of principal toxicological concern (not published). Concerning validation of the DBS method, we examined the comparability of results from blood and DBS measurements for Hg, Pb and Se, and the correspondences are shown graphically in Figure 10 . All three elements had quite good coefficients of determination Figure 10 ) disclosed no undue trends for Hg and Pb, but showed Se values clustered above the B -A x-axis, suggesting an as yet unidentified systematic error in these measurements.
Pb and Hg are of concern in BEs as well, and Figure 11 illustrates the repeatability of the DBS assay in application to blood from BE. Good repeatability was shown by near-equivalent determined concentrations for the separately prepared DBS throughout.
One aspect of the DBS methodology may be of interest for those interested in field work, where accurate quantitative volume measuring devices may be a luxury or may prove cumbersome. Specifically, various observers have raised the issue regarding whether the accurate measurement of blood with a pipetman plus disposable tip or with a micropipette is an absolute requirement, or whether filling the filter paper circle without the use of a measuring device other than the circle itself is an acceptable alternative in certain situations. Avian blood samples known to contain measurable levels of As, Hg, Pb and Se were spotted onto DBS via pipetman, micropipette or by eye dropper. In the first two of these mechanisms, 50 mL were accurately measured and applied, keeping the applied blood within the demarcated circles. In the last of these (i.e., eye dropper), blood was simply applied until the circle was filled. In all cases, the entire DBS circle was accurately removed from the filter for metals determination. Figure 12 shows graphs of pipetman versus micropipette (left side of figure) and of filling circles versus micropipette (right side of figure) ; although the data are somewhat limited for Hg and Pb in terms of the number of positive samples, and values for As are relatively low (,20 mg/L). In general, filling the circle performed no worse than accurate pipetting to provide essentially equivalent results. Figure 13 illustrates B-A diagrams for Se and Pb, and the majority of generated average values are within 2 SD boundaries of the x-axis (y ¼ 0). Figure 9 . Comparison of heavy metal concentrations determined in whole blood with those determined from DBS. Samples include: #1-2, Lypocheks-2 and -3, determined spotted versus in solution; #3-7, five cat bloods; #8, a BE; #9, a crocodile.
An initial stab was made at extending the reach of the DBS methodology beyond toxic heavy metals in order to provide additional diagnostic utility. Seven elements (Co, Mo, Mn, Zn, Fe, Mg and P) appear amenable to this technology (Table X) , whereas others (Ca and Cu) appear less so. Some caveats are in order: (i) owing to considerable curvilinearity, all of these nutritionally important elements required polynomial standard curves, with Co, Mo, Mn and Zn being satisfied by quadratic equations and Fe, Mg and P requiring even higher-order curves; (ii) P gave rather weak responses in terms of signal, so it seems likely that its further study would reveal that data arising from it are less dependable. The same is likely to be true of Cu and Ca (not listed); (iii) of the elements in Table XI , only Zn had a measurable carryover of 6.5% following the highest calibrator likely requiring multiple blank runs in sample sequences; (iv) Cu is not likely to be of particular use, given that its practical range excludes deficient ranges ,100 mg/L. Note that none of the nutritional elements up to 2000 mg/L had any deleterious effects on the correct interpretation of heavy metals quantities, therefore indicating the lack of interelement interference. A report on the application of iron measurements in the assessment of blood chemistry is forthcoming.
Discussion
The current status quo in veterinary diagnostics is to collect whole blood samples in vacutainer or similar test tubes for analyses. This typically has several disadvantages: (i) it requires the collection of relatively large sample volumes, potentially excluding small species from opportunities for analysis; (ii) samples require refrigeration, which is often difficult under field conditions; (iii) samples are difficult to disinfect without severely compromising their integrity. The collection of blood as DBS on special commercial paper (Guthrie Card) for the diagnosis of intoxications is therefore a novel and timely approach. Toxins or toxicants can be extracted from DBS on Guthrie Cards, analyzed, and the resultant data can be used to diagnose a poisoning or collected for research purposes. This novel approach has several advantages, including the use of smaller blood samples (typically 50 mL), which allows for its applicability for smaller animals including small mammals, birds, reptiles and amphibians. Samples are cheaper to ship because the technique utilizes small nonliquid sample sizes. The technique is field-friendly, as for most purposes it eliminates refrigeration requirements. The simple disinfection procedure coupled with the small sample volumes make DBS ideal for international shipping of large numbers of samples. This contrasts with fragile bulky tubes containing liquid blood samples that often require expensive shipping methods such as in liquid nitrogen containers. Note, however, that the CDC has recently exempted DBS from strict infectious substance shipping requirements (9) .
As developed here, heavy metal analysis utilizes a single entire DBS and involves analysis by ICP-MS. Analytes validated for heavy metal analysis and their calculated LOQ (in parentheses) include: arsenic (1.7 mg/L), selenium (6.3 mg/L), cadmium (4.0 mg/L), mercury (13.7 mg/L), thallium (1.5 mg/L) and lead (13.3 mg/L). This panel is broader than, and as sensitive as, the test recently reported on human blood by Chaudhuri et al. (16) . The test panel is suitable for the diagnosis of heavy metals in domesticated and wildlife species. For example, normal blood concentrations of arsenic, cadmium, mercury, lead and thallium are generally ,50 mg/L. Acute poisoning by heavy metals in livestock and wildlife is usually associated with the following concentrations: arsenic .500 mg/L, cadmium .40 mg/L, mercury .1000 mg/L, lead .250 mg/L, selenium .1000 mg/L and thallium .30 mg/L (17). Both the normal and toxic levels are well within quantifiable levels.
The veterinary DBS heavy metal assay has gone through a lengthy process of characterization and optimization with regard to sensitivity (Table II) , utilization of quadratic versus linear standard curves (Figures 1 -3 and Table I ), development and study of QC materials (Figures 4 -6; and Tables III-V and  VII) , independent assurance of accuracy ( Figure 9 and Table VI) , limitation of carryover, comparability to existing techniques (Figures 9 -11; and Tables VIII and IX), ruggedness ( Figure 8 and Table VIII) , stability, repeatability ( Figure 11 ) and applicability to real-world samples (Figures 9 -11) . Any concern about the selection of isotopes, a possible issue of concern for the complex isotope patterns of Pb, Hg, Cd and Se, was examined for Pb, wherein the isotopes m/z 206, 207 and 208 were essentially shown to function equivalently in quantitations (Tables I, V and  VII) . However, this may admittedly have been an artificial effect of the particular samples that were analyzed, and in certain circumstances such as environmental exposure in wild animals, it may be best to sum the principal isotope responses to alleviate the effects of varying Pb isotope ratios.
The DBS technology shows applicability to a number of elements of primarily nutritional concern (Table X), none of which showed any interference with the accuracy of the heavy metal assay (Table XI) . In addition, the assay shows flexibility in realworld applications, as researchers can make the decision on whether to apply quantitative techniques in DBS generation or to simply allow the circumference of DBS circles function as the quantitation device via direct blotting (Figures 12 and 13) . Dropper filling of circles provided coefficients of determination ranging from 0.94 to1.0 versus measuring devices, even to relatively low levels ( Figure 12 ). It is not unreasonable to suspect, however, that this may be an artifact of well-practiced techniques in our lab, and similar experience may need to be developed in field work to approach the same degree of correlatability. Recent studies suggest that applied blood of any initial volume is uniform and a punch through the blood spot may yield the most accurate quantitative results (18, 19) . Table XI summarizes the parameters measured for the procedures developed here.
Note that although the methodology using ICP-MS is fairly robust, with decent sensitivity and % RSDs for As, Cd, Pb, Tl and Se, our group remains somewhat concerned about the higher % errors and % RSDs for mercury on the examination of Lypochek QC materials as summarized in Table XI . Our lab has initiated an investigation into whether mercury would be more dependably measured on DBS with a sensitive technique such as atomic absorption spectrometry (20) , particularly when fitted with a cold vapor atomization apparatus (21 -23) . An alternative or simultaneous approach would be the inclusion of gold solutions in wash solutions or diluents to limit mercury carryover or other 'memory' effects in the ICP-MS; Dobb et al. (24) recommend 2.5 mg/mL Au solutions in 6% nitric acid, for example. This would likely significantly reduce the extent of Hg carryover.
Background contamination of Guthrie Cards used to generate DBS was relatively minimal (Table II) . A separate source of contamination could involve the effects of handling during field Figure 13 . B-A diagrams for selenium (A -B) and lead (C-D) examining the effects of blood measuring devices. A and C illustrate differences between pipetman and capillary micropipette; B and D make the same comparison for pipetman and simple uncalibrated eye dropper. applications, particularly in locales that are being studied specifically because of known or suspected heavy metal contamination. In cases where high accuracy is required or in which the issue of background contamination is a concern, unspotted areas of submitted Guthrie Cards can easily be analyzed separately in order to determine and account for background levels. Overall, the DBS-heavy metals methodology can be utilized by practitioners in the veterinary toxicology profession suspecting poisoning, and by wildlife biologists and researchers investigating exposures to environmental toxicants. Currently, the laboratory is evaluating the extension of DBS tests to chlorinated pesticides, PCBs, cyanide, anticoagulant rodenticides and acetylcholinesterase enzyme assays. 
